In search of the similarities and differences between blood plasma and synovial fluid, on one hand, and normal and pathological joint fluid on the other, it appeared important to investigate systematically the protein components of joint fluid. Investigations of the synovial fluid proteins by electrophoresis have been carried out by several authors (1-4). The identification of these proteins has been initiated (1, 5) . Fractionation with ammonium sulfate to obtain the albuminglobulin ratio (6) and demonstration of definite properties of certain proteins by immunochemical methods and enzymatic reactions have been reported (1, 5) .
In search of the similarities and differences between blood plasma and synovial fluid, on one hand, and normal and pathological joint fluid on the other, it appeared important to investigate systematically the protein components of joint fluid. Investigations of the synovial fluid proteins by electrophoresis have been carried out by several authors (1) (2) (3) (4) . The identification of these proteins has been initiated (1, 5) . Fractionation with ammonium sulfate to obtain the albuminglobulin ratio (6) and demonstration of definite properties of certain proteins by immunochemical methods and enzymatic reactions have been reported (1, 5) .
This publication presents a study on the characterization of the proteins in pathological synovial fluids.
MATERIALS AND METHODS
The collection of synovial fluid and plasma as well as the procedure for the fractionation of their proteins have been described in a previous publication (7) . All fluids were drawn from knee joints of patients with rheumatoid or traumatic arthritis or neuroarthropathy, and were obtained through the courtesy of the clinical staff of the Arthritis Unit. Most of the fluids deposited a precipitate within 20 hours although acid-citrate-dextrose (ACD) solution had been added. Prior to fractionation the joint fluids were treated with hyaluronidase (7) .
The electrophoretic and ultracentrifugal analyses were carried out in a Perkin-Elmer electrophoresis apparatus and a Spinco Model E ultracentrifuge, respectively. Paper electrophoresis was performed essentially according to the method of Grassmann and Hannig (8, 9) . After being heated at 110°for 10 minutes, the paper strips were stained with Amidoschwarz 1OB.2 The intensity of the color was read in an "Elphor" densitometer.2 The relative percentage of the separated proteins was determined planimetrically from the curve obtained by plotting the optical density as a function of distance on the paper strip. -A correction factor of 1.5 was applied for orosomucoid (10, 11) , of which the polypeptide moiety was 66 per cent.
Immunochemical methods: For the immunoelectrophoresis described by Grabar have moved against the direction indicated by the electrophoretic mobility (Figure 1 ). Between the albumin and a-globulin, the al-, a2-, P,-, and 82-globulins were distributed according to their electrophoretic mobilities. During electrophoresis, diffusion occurred so that each group of globulins would appear as a band, broader than the reservoir where the protein solution was originally applied. Under these circumstances, the albumin, a,-and a2-globulin did not appear to be well separated. After electrophoresis, the plate was brought to room temperature, the troughs filled with the antiserum, and the system kept in an air-tight box to prevent dehydration. Lipoproteins expressed as cholesterol were measured by the method of Bloor, Pelkan, and Allen (20) .
The P31-metal-combining protein determinations (21, 22) were carried out as follows: 500 ml. of citrate barbiturate buffer, pH 8.6, r/2 0.1, commonly employed in electrophoresis, were added to 37.5 ml. of acetate buffer, pH 4.0, r/2 0.1, to obtain a pH of 7.4. After standing over night in the cold room, the precipitated barbituric acid was separated, and the supernatant solution was mixed with 20 ml. of freshly prepared 20 per cent Fe(NH4)2 (SO4)2-solution. Aliquots of Fractions IV and V were dialyzed for two days against this buffer. The intensity of the developed pink color (E"' =-0.57) was measured at 465 m,u, part of the same protein solutions acidified with 0.1 ml. of acetic acid per ml. being used as a blank.
Albumin was measured by the method of Rutstein, Ingenito, and Reynolds (23) which involved the determination of the capacity of albumin to bind 2-(4'-hydroxybenzeneazo) benzoic acid (HBABA).
RESULTS
For the characterization of the synovial fluid proteins, two fundamentally different approaches were chosen. First, the proteins were identified by precipitin reactions after separation by electrophoresis in agar (method of Grabar). Second, the proteins were separated into six fractions by means of solubility differences (7) , and were then characterized by chemical and physico-chemical methods and by the measurement of definite properties of proteins known to occur in blood plasma. In contrast to the first method that permits qualitative measurements only, the second makes possible qualitative and quantitative determinations. (Table I) were obtained from both joint fluid and plasma: The protein content of each of the six fractions (except Fraction I of synovial fluid because of its previous clotting), the content of protein-bound hexose, the distribution of the cholesterol, the electrophoretic distribution and the mobilities of the proteins and the distribution in the ultracentrifuge, as well as the calculated sedimentation constants, were within experimental errors found to be alike for both sets of fractions.3 The percentages of y-globulin in Fraction I and III were very similar to those of the corresponding fractions from normal human plasma (7) .
In addition to these investigations, during which the proteins were studied from the point of view of general characteristics, except for the cholesterol and in part the carbohydrate content, experiments were carried out for the determination of definite properties of certain protein components known to occur in plasma. Again, these experiments were performed simultaneously with the fractions from both synovial fluid and plasma. The clotting of Fraction I indicated the presence of fibrinogen. The clear supernatant solution was kept at + 2°C for 20 hours resulting in the formation of a precipitate. The solubility of the precipitated material at room temperature proved the presence of "cold-insoluble globulin" (24) . Frac (25) . The amount of /31-metal-binding protein concentrated in Fraction V was the same for both fluids, amounting to 3 per cent, while Fraction IV was free of this component. The albumin of Fraction V, which was marked by a distinct yellow color and its low content of bound hexose, exhibited the same capacity to bind Fractions II, III, IV, and V were also investigated for identity of the proteins by the method of Ouchterlony. The corresponding fractions of synovial fluid and plasma from the same patient as well as that of normal human plasma were put on the same plate. The concavities for these four solutions were arranged on the plate at equal distances from the center one in which horse serum active against human serum was placed. It was again concluded that most of the proteins in the corresponding fractions were identical, as judged by the precipitin zones which formed closed systems (Figure 2a) . The y-globulin content of Fractions III and Fractions IV, amounting to a small percentage of the total as judged by electrophoretic analysis, was identified with a specific rabbit serum against human y-globulin with use of the technique of Oudin.
For the experiment described in section 2a, a patient with rheumatoid arthritis was chosen who showed severe knee involvement, and whose synovial fluid and plasma revealed essentially the same patterns upon electrophoresis. During this study, joint fluids from six other patients with rheumatoid arthritis or neuroarthropathy were also fractionated. They were characterized by their low content of the a2-globulins and increased content of y-globulins, compared with the plasma of the same individuals (26) . The results obtained from investigating the protein fractions of these joint fluids were essentially the same as those reported in the previous experiment. If the y-globulin content was 20 per cent or higher, only part of it could be extracted from Fraction II + III into Fraction II.
b. Synovial fluid from a patient with traumatic arthritis: Synovial fluid and serum obtained from a healthy individual (RBJE) 2 days after an injury to his knee were centrifuged and stored at -30°C until fractionation was carried out. Since the volume of the serum was too small to perform a complete analysis, particularly fractionation, plasma from a different healthy individual was fractionated simultaneously. Prior to the fractionation, the synovial fluid was digested with hyaluronidase. The fluid clotted within 20 hours. The electrophoretic distribution of the proteins of the original synovial fluid, distinguished by the high content of albumin and y-globulin and low content of a2-globulin, is typical of traumatic joint fluid (26) . The electrophoretic pattern of the serum was normal. The characterization of the synovial fluid proteins after fractionation showed the following results (Table II) : The relative amount of protein in the six fractions was essentially the same as that reported for normal human plasma. The low protein content of Fraction I was due to the decreased concentration of fibrinogen, and that of Fraction IV perhaps due to the low a2-globulin concentration in the original fluid. The electrophoretic distribution and the mobilities of the proteins of the six fractions as well as their ultracentrifugal distribution ( Figure 3 ) and sedimentation constants were essentially identical with those reported for normal human plasma (27) .
Again, additional specific tests were carried out to prove the existence in traumatic joint fluid of protein components present in blood plasma. 3 per cent of the total protein, which was equal to the value reported for normal human plasma (29) . The content of albumin, measured by its capacity to bind HBABA, was essentially that found by electrophoresis. The presence of orosomucoid and other glycoproteins of low molecular weights and acid isoelectric points was proven by paper electrophoresis of Fraction VI (Figure 4 ) and by free electrophoresis of the original joint fluid, both at pH 4.5. Furthermore, the high content of protein-bound hexose of this fractioi., amounting to 10 per cent, equaled the corresponding value of Fraction VI of normal human plasma. The identity of the proteins in traumatic synovial fluid was further confirmed by immunochemical analyses using the Ouchterlony technique described in section 1.
DISCUSSION
For the characterization of a protein, it has become clear that the results obtained from one method only can never establish its identity. Because of the complexity of the protein molecule, a series of methods based on different principles should be included in such a study.
For the characterization of the synovial fluid proteins, the proteins of joint fluid were separated from each other by means of differences in their electrostatic charges as well as in their solubilities. The method of Grabar combined electrophoresis with immunochemical reactions, of which the specificity is extremely high. The procedure for the separation of the proteins into solubility groups, referred to as fractions in Tables I and II,   1st 1 I.. made possible the recovery and further investigation of the proteins. The conditions of precipitation of the proteins represent a precise measure for their solubilities, which are some of their characteristics.
In characterizing the synovial fluid proteins, it was found that the proteins of the corresponding fractions, derived from synovial fluid and plasma of the same individual, exhibited the same solubility properties, the same electrophoretic distribution and mobilities of the respective components, and the same sedimentation constants. Yet, the possibility existed that these proteins were not identical. In order to exclude such a possibility, further independent methods were employed which allowed the measurement of very distinct properties of the proteins such as titres of isoagglutinin, diphtheria antitoxin, and antistreptolysin-O, reaction of ceruloplasmin with cyanide ions, and ionbinding capacity of albumin and 831-metal-com- Figure 4b is representative of orosomucoid identical with a,-globulin in Figure 4a ; area 2 is identical with most of the a,-globulin in Figure 4a , and area 3 representing the proteins which were positively charged at pH 4.5, includes albumin, p-globulin, and a minute part of the a.-globulin. with those of plasma. It is emphasized that the findings described do not relate to normal synovial fluid which may present a different pattern. The existence of special protein components present solely in synovial fluid is not excluded. Although the synovial fluid proteins exhibited the same characteristics as the plasma proteins, the following differences were found: First, the differences in total protein concentration and in the relative content, especially of albumin, a2-and y-globulins, reported earlier (26), were confirmed. Second, the ratio of 81-to al-lipoprotein, measured as cholesterol, appeared higher than that of normal human plasma.
It should be pointed out that it is a difficult task to establish the identity of two proteins (30) . The results obtained from these investigations led obviously to the question of the fine structure of the "identical" proteins, in other words, as to whether or not one individual always synthesizes a certain protein by exactly the same process.
SUM MARY
The proteins of synovial fluid from patients with rheumatoid arthritis, neuroarthropathy, or traumatic injury have been characterized. They are identical with those of plasma as judged by the results obtained from several different methods including electrophoresis, ultracentrifugal analyses, separation by solubility, immunochemical methods, and ion-binding measurements. The following proteins were identified: Fibrinogen, cold insoluble globulin, diphtheria antitoxin, antistreptolysin-O, isoagglutinins, ceruloplasmin, fl1-metalcombining protein, a1-and ,83-lipoproteins. Albumin, y-globulin, and glycoproteins of low molecular weights and acid isoelectric points were isolated. Known differences between synovial fluid and plasma were confirmed.
